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INTRODUCTION

Experimental Context

The most dangerous attribute of cancer cells is metastasis. Our objective is to determine the
molecular mechanisms responsible for controlling breast cancer spread. The timing and location of
nonrandom karyotypic abnormalities has provided clues regarding the genes involved in breast carcinoma
progression. In breast cancer, structural changes frequently involve chromosomes 1, 8, 11, 13, 16 and 17.
Chromosomes 8, 13 and 17 changes generally occur early in progression; whereas, deletions and
rearrangements of chromosomes 1, 6, 11 and 16 often occur later . As a corollary, one would
hypothesize that genes relevant to breast cancer progression toward metastasis are encoded on the latter
chromosomes. To test this hypothesis, we introduced an intact, normal human chromosome 11 into the
metastatic human breast carcinoma cell line, MDA-MB-435 using microcell-mediated chromosome
transfer (MMCT). We showed that metastasis was suppressed by 95%, but tumorigenicity was unaffected
@, This finding suggested the presence of at least one human breast carcinoma metastasis-suppressor
gene on chromosome 11. Please note: We define a metastasis-suppressor gene as blocking tumor spread.
A tumor suppressor gene would suppress tumor growth and, by inference, metastasis as well.

The goal of DAMD-17-1-96-6152 is to map (and hopefully clone) the gene(s) on chromosome 11
responsible for metastasis suppression. In addition, we want to test whether similar metastasis
suppression occurs if chromosome 11 is introduced into other metastatic human breast carcinoma cell

lines. These technical objectives fall within the ultimate goal of understanding the mechanisms
underlying breast cancer metastasis.

Background

Metastasis results from accumulated genetic changes from which a subset of late-stage cancer cells
evolve that are no longer confined to their tissue of origin for growth. In order to successfully colonize a
distant organ, metastatic cells must survive transport through the body, interact with a variety of host
cells and successfully penetrate numerous barriers. If a cell cannot complete every step, it is
nonmetastatic. The multistep metastatic cascade involves numerous genes 9, Two classes of
metastasis-associated genes have been identified — (i) genes that drive metastasis formation, and (ii)
genes that inhibit metastasis. However, the identities of most of these genes remain unknown.
Correspondingly, it is not known how these genes are regulated in normal and/or cancer cells.

Nonetheless, it is well recognized that the probability for long-term survival is extremely low if
metastases develop.

In addition to the findings mentioned above, we have made four observations relevant to the genetics
of human breast cancer metastasis. (1) Transfection of KiSS-1, a novel metastasis-suppressor gene
discovered in our laboratory , suppresses metastasis by at least 50% ®. (2) Expression prostate cancer
metastasis-suppressor gene, KAI-1®, correlates with breast tumor aggressiveness %', When KAI-1
cDNA was transfected into MDA-MB-435 cells, metastatic potential decreased significantly V. (3)
Expression of the delta (8) isoform of protein kinase C correlates directly with metastatic potential of
related rat mammary carcinoma cells 2. (4) Mutant forms of MEK 1 (Map Kinase/Erk Kinase) when
transfected into NIH3T3 cells confer not only tumorigenicity, but also metastatic potential !*'%,

BODY

-EXPERIMENTAL METHODS-
Rationale (Global)

Positional cloning has been used to identify a number of tumor-suppressor genes (e.g., WT1, Rb,
FHIT) and genes for mutations that predispose cancer susceptibility (e.g, NF1, APC) (reviewed in %),
As mapping nears completion, detection of mutations among cancer families confirms a particular gene’s

0g) 0013066}
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role as a tumor suppressor. Since mutations are relatively rare, equally strong evidence for a role in
cancer etiology is required. Thus, positional cloning is reasonable if strong, well-characterized pedigrees
are available. However, determining roles for genes in sporadic tumors or progression-associated genes
(e.g., metastasis-controlling) is difficult because of tumor heterogeneity, genetic instability and the huge
number of experiments necessary to prove causality. This is further complicated for multigenic
phenotypes, like metastasis. Simply, the statistical likelihood for identifying a specific gene over the
immense background of genetic instability typical of late-stage tumors is difficult. Thus, alternative
approaches are required.

MMCT (microcell-mediated chromosome transfer) has provided functional evidence for tumor
suppressor genes when other approaches have failed %'"), The functional data have provided the
necessary information for successful mapping of the genes responsible %39, As an intermediate, some
have utilized a modification of MMCT in which the donor chromosome has been irradiated to produce
deletions ®283538) This modification is based upon a loss of function (i.e., failure to suppress) associated
with the deletion.

The strategies we proposed for identifying metastasis-controlling genes in human breast cancer were
based upon those listed above as well as those we used to identify novel metastasis-suppressor genes in
human melanoma 742, Basically, two concurrent approaches were outlined. First, progressively smaller
fragments of neo-tagged human chromosome 11 were to be introduced into MDA-MB-435 by MMCT.
By evaluating regions of overlap for chromosomal fragments present/absent in suppressed/non-
suppressed hybrids, the location of the putative metastasis-suppressor gene(s) would be defined. The
second approach was to use differential display “**¥ and subtractive hybridization “59, Once candidate
genes were identified, transfections and testing for metastasis in appropriate animal models would
confirm that a bona fide metastasis-suppressor gene had been cloned.

The second major objective of DAMD-17-1-96-6152 was to demonstrate the introduction of
chromosome 11 into another metastatic human breast carcinoma also suppresses metastasis.

This progress report will be organized in the following manner. Each section summarizes results
from related series of experiments. The relationship of those experiments to a particular Specific Aim is
noted. Only new data, collected since submission of the FY96-97 progress report, is included.

Section 1: Welch, D.R. and Wei, L.L. (1998) Molecular control of breast cancer progression and
metastasis. Endocrine Related Cancers (In press)

Summary of major findings: This was an invited paper in which I was asked to review briefly the
literature about metastasis-controlling genes in human breast cancer, particularly genes which are
hormonally regulated. However, upon reviewing the literature, I identified >8000 papers which claimed
to present data showing association between metastasis and particular genes. This necessitated that the
breadth of the review be expanded in order to review the role of genes in breast cancer at “all” stages of
progression. Basically, most papers speculated on a role of genes in invasion, progression and metastasis
but presented no data to support such claims. Additionally, the problems associated with ill-defined
model systems (i.e., what kind of breast cancer is being studied?) was addressed.

While not directly addressing a specific aim from the original proposal, this review was extremely
useful for formulating and modifying my thinking about breast cancer genetics. During the writing
process, I had to address many issues related to breast cancer metastasis research and organize them. The
critical review also helped us focus on key issues which need to be addressed in order to accomplish the
aims set forth for this program.

Section 2: Introduction of chromosome 11 into MDA-MB-231 [Unpublished]

Rationale
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The objective of these experiments is to determine whether introduction of chromosome 11 into
another human breast carcinoma causes metastasis suppression. To date, only three metastasis-suppressor
genes have been shown to suppress metastasis of human breast cancer in an in vivo model — Nm?23-H1,
KiSS-1 and KAI-1. And regarding chromosomal location of metastasis-controlling genes, only one
publication exists @. All of these papers have used only once cell line, MDA-MB-435, since it is the only
reproducibly metastatic breast carcinoma cell line. None of the papers address whether these genes or
chromosomes are functioning in other types of breast carcinoma (i.e., not infiltrating ductal).

Summary of major findings

Although most human breast carcinoma cell lines were derived from metastatic lesions or pleural
effusions, most do not metastasize in experimental animal models “”. The MDA-MB-231 has been
reported in the literature to be metastatic “®*?, So, we obtained these cells from Drs. Garth Nicolson
(Institute for Molecular Medicine, Irvine, CA), Robert Gillies (University of Arizona Cancer Center) and
David Rose (American Health Foundation). Before performing MMCT, we wanted to verify metastatic

potential. Injection of cells (up to 1 x 107) into the mammary fat pads of athymic nude mice produced the
following results.

Nicolson variant — no tumors (We later learned that these cells had previously been infected with
Mycoplasma and the infection had been eliminated. Apparently, they underwent a selection and none of
the remaining cells were metastatic. Dr. Nicolson confirmed our findings.)

Gillies variant — only 20-30% of animals formed tumors, only 5% (1/20) of mice had a metastasis to
the draining axillary lymph node. None had metastases in viscera. After discussions with Dr. Gillies, we
cannot explain the differences in our results unless SCID mice are necessary to observe metastasis from
his variant.

Rose variant — Mycoplasma contaminated (We notified Dr. Rose and have discarded to culture. He
has informed me (6/24/98) that the Mycoplasma has been eliminated and that the cells have been injected
into mice. If they grow and metastasize, he will re-send another culture to us.)

Recommendations for follow-up experiments based upon these results
Evaluate additional breast cancer cell lines to assess metastatic potential

1. We have also been in contact with Dr. Janet Price (U.T.-M.D. Anderson Cancer Center,
Houston, TX) who has recently isolated a “highly” metastatic variant of MDA-MB-231,
designated MDA-MB-231/S1. We recently received this line (May 1998) and are expanding the
culture for freezing and expect to do injections on July 15, 1998 (when space is available).

2. We have tested SUM breast carcinoma cell lines isolated by Dr. Steven Ethier (University of
Michigan) who has an USAMRDC Infrastructure Grant. SUM149 cells developed ipsilateral
axillary lymph node metastases in 3/16 mice following injection of tumor cells into the mammary
fat pad. Given that the metastases could be direct extension of the primary tumor, we decided not
to test this line further. (Note: Based upon experience and relatively low incidence of lymph
node metastases, we believe that it is likely that the lymph nodes were involved because the
tumor grew directly to the node and “engulfed” it.) Dr. Ethier sent us four additional SUM cell
lines (SUM185, SUM 190, SUM229, SUM1315MO02) in June 1998 which we agreed to test in
vivo. These lines were chosen because they have in vitro properties that are “more aggressive”
than most of the others he is developing. The cells have been thawed and are being expanded for
injection in mid- to late-July (due to slow in vitro growth rate).

3. We have contacted several other investigators and have standing requests for highly aggressive
human breast carcinoma cell lines; however, no one has yet provided any.

4. Since MDA-MB-435 is metastatic and heterogeneous, we decided that isolation of single cell
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clones would be helpful. We rationalized that comparison of karyotypes and sequence-tagged
sites for clones of different metastatic potentials might provide insights into the region(s)
involved in metastasis. Limiting dilution cloning was used to isolate single cell clones from the
parental MDA-MB-435 population. Similar experiments were performed with pSV2neo-
transfected and pcDNA3neo-transfected MDA-MB-435 cells. The neo-transfectant clones were
isolated in order to control for MMCT experiments and as part of transfection experiments (See
below).

It has been frustrating that the metastatic potential of single cell clones has been so variable
(inter-experimental). Most clones were tested at least twice during the past year. In general,
trends were the same; however, there is still more variability than desired. Use of the mixed
population, while not ideal, still represents the best option at this point. Another unexplained
frustration is that almost all transfectants with empty vector have generally lower metastatic
potential than the parental mean. Thus far, we have not obtained a more metastatic clone. Since
this is a passive experiment (i.e., clones are isolated as a regular part of other experiments), we
will continue.

However, our
expectations are Table 1: Selection of lung colonizing variants of MDA-MB-435
rather low.
Cell Line No. Selections Incidence of No. lung Incidence of

5. We began to lung metastases per RLN
select, in a metastases mouse metastases
manner MDA-MB-435 0 9/9 9+3 8/9
analogous to

. 435-Lnl 1 15/15 71£20 10/15
Fidler ©9,
increasingly 435-Ln2 2 71 29£10 5/7
metastatic 435-Ln3 3 1717 2417 1717
subpopulations
from MDA-MB- MDA-MB-435 cells (1 x 10%) were injected int'o the mammary fat pads of athymic mice. When.

local tumors reached 1.3-1.5 cm mean tumor diameter, they were removed. Four weeks later, mice

435. The were killed and examined for presence of metastases. To obtain cell lines, large lung metastases
rationale is that were removed aseptically, rinsed 10-20 times in sterile saline, and minced with scalpels using a
sequential cross-cut motion. Tissue pieces were placed into culture medium and grown under standard

q . conditions. Before repeating in vivo studies, cells were verified to be free from Mycoplasma
selection of lung contamination. Incidence of regional lymph node (RLN) metastases — typically ipsilateral and
colonies will contralateral axillary nodes — was evaluated as well.
enrich for highly
metastatic

variants. Three

rounds of in vivo selection have taken place and the results are shown in TABLE 1. In general,
we see an increase in the number of lung metastases per mouse with the selections. The
variability observed is consistent with the types of numbers seen in other selection schemes (e.g.,
B16 melanoma). Although nine (9) metastases per mouse was lower than our historical
cumulative average (16 lung metastases per mouse), we have nearly doubled the metastatic
efficiency with three only selections. In addition, although we are not quantifying on the basis of
size, most lung metastases appear larger and are more readily detected. We will continue with
this selection since it has the potential to be useful for future experiments and because it requires
relatively little effort.

Section 3: Evaluation of KAI-1 as a metastasis-suppressor gene in human breast cancer

Rationale: neol 1/MDA-MB-435 hybrids expressed more KAI-1 mRNA than parental MDA-MB-435
cells. Since KAI-1 is encoded on 11p and since it has demonstrable metastasis-suppressor ability, it
became a prime candidate in our studies. Two experimental strategies were undertaken to assess the rele-
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vance of this finding. These experiments constituted the initial experiments described in Specific Aim 4.

Summary: The first approach was to compare mRNA expression in a panel of human breast cells
representing varying degrees of aggressiveness. We did this study in collaboration with Dr. Lisa Wei
who was, at that time, still in Hershey. We used mRNA initially because antibodies were not available at
that time. Briefly, KAI-1 expression inversely correlated with tumor aggressiveness (9.

The second approach more directly tested the hypothesis. We initiated this study, but since reagents
were not commercially available and it was highly desirable to obtain the results quickly, we worked
closely with Drs. Barrett and Weissman. All of the in vivo assays were done by us. In short, KAI-1
transfectants were significantly suppressed for metastasis; however, the level of suppression was not as
impressive as by chromosome 11 itself. Eventually, we were able to obtain an antibody that recognizes
KAI-1 protein. Western blotting showed that the interpretation is complicated by altered glycosylation
(1. Although the data are consistent with the notion that KAI-1 is a metastasis-suppressor, we are
dubious. This is based partially upon intuition and reports of unpublished data that Kai-1 is not
suppressive in human prostatic carcinoma. I have reviewed eight manuscripts during the past six months
and most show excellent correlations with metastatic potential, but few showed functional evidence of
metastasis suppression.

Recommendations for follow-up experiments based upon these results: We have opted to forego
further studies of Kai-1.

Section 4: MMCT of pieces of chromosome 11 into MDA-MB-435 [Unpublished]

Rationale

This results reported in this section are based upon the strategy proposed for Specific Aim 1 in the
original proposal. The objective is to map the gene(s) on chromosome 11 responsible for metastasis
suppression to within 5 Mb. Then we want to determine how the gene(s) work. The strategy was to
introduce progressively smaller pieces of chromosome 11 or to introduce fragments of chromosome 11
with overlapping deletions.

Our primary strategy was to prepare chromosome 11 microcell donors that have deletions as a result
of radiation damage ®**'*», Deletion mutants would then be introduced by MMCT into MDA-MB-435
followed by assessment of metastasis in athymic nude mice. With this approach, random deletions need
not be mapped beforehand. They can be mapped following fusion based upon predetermined
polymorphisms spanning chromosome 11. If the metastasis-suppressor gene is retained, functional
complementation of the defect will be repaired and the cells will be nonmetastatic. If the gene has been
deleted, suppression will not occur. Metastatic hybrids would then be evaluated for portions of the
chromosome 11 retained. Position of the metastasis-suppressor gene can be inferred by the smallest
region of shared deletion. This has most recently been used to clone tumor or growth suppressor genes
for prostate cancer ®”, breast cancer ©®%9, glioma, and head and neck squamous cell carcinomas @9, We
recently used this approach and verified that the PTEN/MMACI phosphatase gene functions as a tumor
suppressor in some human melanoma cell lines ¢,

The second approach is to utilize MMCT donors with previously defined fragments of chromosome
11 625339 The advantage of this approach is that fully-defined DNA is introduced into the cells. While

aesthetically pleasing, the time required to fully characterize the donor chromosome fragment can take
months to years.

Initially, the second approach was only to be a contingency because characterization of chromosome
donors is highly labor intensive. However, we are taking advantage of a collaboration with Drs. Jane
Fountain (University of Southern California), Tracy Lugo (formerly of the University of California —
Riverside and now at NIH) and Gavin Robertson (Ludwig Cancer Center, University of California-San



WELCH, Danny R., Ph.D. DAMD-17-96-1-6152
Progress Report — 7/1/97-6/30-98 : Page 10 of 21

Diego) where our objective is to map melanoma tumor suppressor genes on chromosome 11 ¢,

They had prepared a panel of karyotypically defined chromosome 11 fragments. Therefore, we began
making hybrids using fragments as donors. For unexplained reasons, transfer has not proceeded
efficiently. Some of this is due to personnel turnover and training time, but all three labs have had
difficulty recently. Nonetheless, some hybrids have been prepared and results are listed in Table 2.

Summary of findings and recommendations for follow-up experiments

Progress on Specific Aim 1 has been frustratingly slow. Part of the problem was technical — Sigma
could not fill orders for the lectin used for MMCT. The high-activity lectin was back-ordered for almost
5 months. We tried the lower activity lectin, but were not successful for any of the hybridizations done
with either breast or melanoma cells. Once we obtained good lectin, we got colonies but basically the
hybridizations were still not productive. Therefore, we have contemplated other approaches.

After several discussions, Dr. Fountain and I have concluded that it might be worthwhile to take
advantage of the large body of published positional cloning (loss of heterozygosity) data from clinical
samples to map hot spots in breast cancer. This would to obtain large-insert vector forms (P1, PAC,
BAC, YAC ...) which could then be retrofitted with selectable markers. Vectors are now available to

retrofit P1, BAC
or PAC clones
(56) '
"Based‘upon Table2: Status of chromosome 11 MMCT into MDA-MB-435
their relatively
large average Chromosome 11 No. attempts  Status Results and Interpretation
. . donor
insert size of
BAC/PAC/P1 4.82 5 no colonies
(100-200 kb), it E53 5 no colonies
has become
feasible to 53 3 no colonies
individually 1.82 7 grew for several Two colonies frozen, PCR of early
transfect P1 or passages then died colonies showed that they retained the
PAC clones into chromosomal fragment. We speculate
. that the chromosome fragment may
breast carcinoma contain a senescence moiety.
cells. Even with , . 4 coloni One col owl
) colonies e colony grew very slowly in vitro
3 Cl_lromosomal (i.e., doubling time approximately 2
regions of 1 Mb weeks!). Upon injection into mice, a 2 cm
each (total 3 tumor was present within 30 days. This
(h was faster than the MDA-MB-435 parent.
Mb)’ the When the tumor was re-established into
maximum cell culture, it grew as slowly as before.
number of The mouse had lung metastases.
transfectants
would be 300.
Although this

number is not trivial, we estimate that the quantity of work for retrofitting and transfection would be
estimated in months rather than years for the chromosome pieces. Given that the efficiency of
transformation with these vectors is more efficient than MMCT, the probability for success would be
higher. In addition, the P1, BAC and PAC clones have relatively low recombination frequencies (unlike
YAC and even chromosome fragments), making their use “safer” for introduction into mammalian cells.
Since the chromosome pieces are generated using radiation, we always run the risk of false negative
results because an (in)active point mutant has been introduced. Therefore, Dr. Fountain and I have
requested the retrofit vectors and expect to begin this approach as a pilot series of experiments in July.
Since we are both looking for genes on chromosome 11, progress should be easily accessible in the short
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term. Once the retrofit vectors are prepared, they will be transfected into MDA-MB-435 (or other lines)

followed by assessment of metastatic potential.

Section 5: Use of differential display to identify metastasis-suppressor genes on chromosome 11

[Unpublished]

Rationale: In addition to the
strategy of mapping the gene(s) on
chromosome 11 using MMCT, we also
proposed use of differential display ‘e
434457 and subtractive hybridization
approaches to identify genes
differentially expressed in the
neol1/MDA-MB-435 hybrids. The
latter paralleled the approach we used
to identify the human melanoma
metastasis-suppressor gene KiSS-1 74D,
These strategies were outlined as
Specific Aim 3.

MDA MB 435

ss cDNA

Homology Search &
Human Multi-tissue
Northern blot

A flow chart showing the basic

RT FOR
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experimental design for differential
display is shown in Figure 1. Briefly,
differential display is repeated in

v

Southern blot

uman chromosome 11.

v v ¥

Functional studies Homology  Multi-tissue Northern blot

Eigure 1: Experimental design for identifying metastasis-suppressor genes on

independent reactions in order to
minimize artifactual amplification.

Bands are excised and PCR is performed on those bands with the same primers. Failure to re-amplify
excluded that band from further consideration. The cDNA is then used to probe a “screening” northern
blot which has the most metastatic and least metastatic variants. Appropriate expression (i.e., cDNAs
expressed exclusively in nonmetastatic cells or >5-fold greater expression in the nonmetastatic cells) is
used as a criterion for continued interest. The candidates are then tested in a more extensive panel of
cells and continued “appropriate” differential expression is necessary for subsequent molecular
characterization. While we originally planned to evaluate candidates whose expression was at least 10-
fold greater in neol 1/MDA-MB-435 clones, this criterion turned out to be too stringent. We believe this

is due to the heterogeneity within the parental population.

cDNA libraries were constructed from neol1/MDA-MB-435.B1 (approximately 105-10” AZAP I
plaques containing average insert size of 1.0-1.5 kb). Heteroduplexes

. [ 600
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[—— 400

[Figure 2. Representative photograph of a
differential display gel. Lanes 1 & 2 and 3
8.4 are different concentrations of the same
emplate. Lanes | & 2 are from MDA-
B-435 and Lanes 3 & 4 are from
uimolar mixtures from neol 1/MDA-MB-
35 clones A3, Bl and D1.

prepared from first strand neol 1/MDA-MB-435.B1 ¢cDNA and
biotinylated MDA-MB-435.1 mRNA were reacted with streptavidin
before extraction using phenol : chloroform. Unbound single strand
cDNA constituted the subtracted library and was used to probe
Northern blots. No consistent differences were identified using this
approach. Therefore, differential display was used. In the previous
progress report, we reported identification of 11 candidate cDNAs.
However, none of the results were consistent or reproducible.

Therefore, a second differential display was done using the more
stringent criteria and adaptations depicted in Figure 1. Primarily, a
mixture of mRNAs from neol1/MDA-MB-435 clones was used,
rather than mRNA from a single clone. A representative gel is shown
in Figure 2. Eighteen (18) of the differentially expressed bands were
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Differentialy Expressed cDNAs

igure 3: Northern blot of poly(A)-enriched
NA (2.5 pg) using candidate partial cDNAs
identified by differential display. Note:

eol 1/MDA-MB-435 clones show significantly

igher expression than parental MDA-MB-435,

CF10A (near normal breast), and a subclone

isolated from MDA-MB-435, clone 7. A negative
control neo6/C8161.6 was included also. Equal
loading was confirmed by GAPDH, but
neol1/MDA-MB-435.D1 was under-loaded
compared to other lanes.

re-amplified and were chosen for Northern blot screening.

These 18 cDNA fragments were gel purified, radiolabeled
and used to probe screening Northern blots prepared from the
panel of cells isolated from MDA MB 435 and its nonmetastatic
neol1/MDA-MB-435 hybrids. Only seven (7) cDNA fragments
produced the appropriate expression pattern and the results are
shown in Figure 3. Comparison of expression was normalized to
GAPDH and parental MDA-MB-435 following phosphor image
densitometry. Relative expression is graphed in Figure 4.

Six of the seven candidate cDNA inserts were sequenced and
homology assessed by comparing with the GenBank/ EMBL/
DDBJ/ PDB combined database. Three cDNAs were virtually
100% homologous to known human genes. The remainder were
novel (Table 3). The three novel genes (temporarily designated
8A3, F5A3 and G1A2) were chosen for further characterization.

Table 3: Differentially expressed cDNAs isolated from
neo11/MDA-MB-435 hybrids

for 8A3 and cDNA clones isolated from a2 human
placental cDNA library. Lanes 1 & 2 are mouse cells:
A9 (cell from which chromosome 11 donor was
obtained) and the chromosome 11 donor cell line.
[Lanes 3-9 are human cell lines. Lane 3, C8161.8
human melanoma); Lane 4, MDA-MB-435; Lane 5,
neol I/MDA-MB-435.D1; Lane 6, neol I/MDA-MB-
435.B1; Lane 7, neol 1/MDA-MB-435.A3; Lane 8,
IMDA-MB-231; and Lane 9, MDA-MB-435.

8A3
cDNA Size % Gene Size on
= (bp) homology RNA blot
8A3-A1]"
. A1l 387 29 GALNS' 8
2
8A3. A22 1 370 99 APRT 4.4
8A33 506 — novel 1.2
GAPDH F5A3% 229 — novel 15
/3 G1A2° 691 — novel 1.3
Mouse cells Human cells
[Figure 6: Northern blots showing expression pattern G1B5 725 97 HHI 4 3.2

' N-acetylgalactosamine 6-sulfatase; ? Adenine
phosphoribosyltransferase;  Candidates chosen for further
analysis; * Hexokinase I

147

12 1

107 8A3

[ Fsas

Relative expression

6/CBI61.6  11/435.A3 11/435.B1

MCF10A  MD43s.7

uppressor genes. Relative expression is normalized to

APDH and MDA-MB-435.

11/438.01

Eigure 4: Relative expression of candidate metastasis-

Since the novel cDNA fragments were isolated from
cancer cells and were partial length, we wanted to
determine whether they were expressed in normal tissues
in order to minimize the probability that a mutant gene
product was being pursued. Also, this information would
be useful in determining which libraries were most suitable
for obtaining full-length cDNAs. Highest level expression
was observed for all three candidates in kidney (Figure 5).
Since we had a placental library on hand and since
expression was high for 8A3 in this tissue, we started
isolations of full-length 8A3 first.
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IFigure 5: Expression of novel candidate genes in normal human tissue Northern blot.

Colonies were obtained and evaluated by Southern and Northern blots. Of six colonies, four pro-
duced the same size band in a Northern blot (1.2 kb). Although the loading is awful in this blot, the
results show that the cDNAs are more highly expressed in neol 1/MDA-MB-435 clones (Figure 6).

All of the cDNA clones were sequenced and aligned with the original 8A3 fragment as well as with
each other. Four of the six clones matched 8 A3 sequence completely and were larger, representing both
the 5'- and 3'- flanking regions including the stop codon and poly (A) tail. Clones A1 and A2 were
identical; however, the other two may be alternative splice variants of 8A3. As of July 13™, none of the
four clones represent complete cDNA sequence (i.e., start codon with flanking Kozak sequence). The
largest clone, to date, is 1.1 kb. Thus we appear to lack about 100 bp based upon Northern band size.

We recently began 5-RACE to obtain the remaining cDNA. Gene specific primers were designed
and using the placental cDNA library as a template, PCR was performed to amplify the 5'- end of the
gene. Three PCR products were obtained, gel purified and transferred to a membrane and probed with
8A3 variants. A band of approximately 500 bp showed strong hybridization signal with the gene specific
probe. Sequencing is currently underway.

A kidney ¢cDNA library has been purchased and attempts have begun to isolate full- length F5A3 and
G1A2.

Summary of findings and recommendations for follow-up experiments: Differential display represents
the greatest “home run” approach; therefore, we will continue with this strategy. In year 1, Dr. Cheol
Kyu Hwang did a lot of work on this project. However, none of his candidates panned out. Dr. Jabed
Seraj re-started the differential display. Although progress has been slower than anticipated, he has
identified three novel candidate cDNAs. By later 1998, we expect to have full-length cDNAs in hand for
all three. To his credit, Dr. Seraj has overcome many of the previously unanticipated technical problems
associated with this aim.

Section 6: KiSS-1 is not overexpressed in neo11/MDA-MB-435 hybrids

Since we previously showed that KiSS